A "male" distribution of adipose tissue in women (excess of fat in the abdomen compared with that in the hips; i.e., elevated waist/hip ratio) has been related to symptomatic cardiovascular disease. An elevated waist/hip ratio has also been related to symptomatic cardiovascular and cerebrovascular diseases in men, as well as to risk factors for these diseases and various metabolic conditions. To determine whether adipose distribution was related to coronary atherosclerosis, we performed a case-control study in patients with angiographically documented coronary atherosclerosis (cases) and in angiographically normal hospital and neighborhood controls. The data show that distribution of adiposity as assessed by waist/hip ratio is significantly related to coronary atherosclerosis in both females and males. Waist/hip ratio is significantly greater in female cases compared with either control group; in males, waist/hip ratio is significantly greater in cases compared with asymptomatic neighborhood controls but not compared with patients with normal coronary arteries. These results persist after control for age, plasma concentrations of lipids and lipoproteins, body mass index, history of hypertension, history of diabetes, and smoking status. The connection between the male adipose distribution in females and coronary atherosclerosis partly explains the greater likelihood of symptomatic cardiovascular disease in them. Males with excess deposition of fat in the abdominal region are also likely to experience increased risk. {Arteriosclerosis and Thrombosis 1991;ll:327-333)
A
'male" or "android" distribution of adipose tissue was first noted to be related to cardiovascular disease and its risk factors by Vague in 1956 . 1 The observed relation to risk factors has been confirmed in several subsequent studies that include connections to glucose and diabetes, 2 18 and cigarette smoking. 9 - 24 In several instances, the male adipose distribution has been related to development of diabetes 2 ' 15 -18 ; in addition, in most of these studies, the relation of the male fat distribution pattern to risk factors was independent of obesity per se.
2 -19 - 22 - 24 Although these observa-tions are of considerable interest per se, importance was added to studies of adipose distribution by the discovery of a relation to cardiovascular disease prevalence and incidence in the Health Examination Survey 4 and in studies in Gothenburg, 18 -25 Framingham, 26 Paris, 15 and Honolulu. 27 Several excellent reviews of these relations have been published. 28 " 31 Many of the factors linked to adipose distribution are risk factors for both symptomatic cardiovascular disease and coronary or cerebrovascular atherosclerosis; however, previous studies have not addressed the potential for an independent relation of adipose distribution to coronary atherosclerosis. To determine whether the male pattern of adipose distribution was independently related to coronary atherosclerosis, we compared adipose distribution in a group of patients who had coronary atherosclerosis (patients hospitalized for coronary angiography) with that in both coronary disease-free controls and in a group of asymptomatic controls accessed from the neighborhoods of the patients and chosen to be representative of the population from which the cases arose.
Methods
A description of hospital patient accession and methods has been reported previously. 32 Briefly, patients referred for coronary angiography were screened for eligibility during the evening before catheterization.
Patients who had any of the following were excluded from the study: 1) history of angioplasty, coronary artery bypass graft surgery, or myocardial infarction within the past 6 weeks; 2) use of certain drugs known to influence plasma lipid levels, for example, lipidlowering agents, corticosteroids, or heparin; and 3) renal or hepatic disease, or alcohol abuse. Those who met eligibility criteria and agreed to participate gave their signed informed consent. At that time, one of several interviewers specially trained in research methods administered a questionnaire relating to risk factors for coronary artery disease, performed a brief physical examination including certain anthropometric measurements, and provided the patient with additional questionnaires to ascertain family history and psychosocial characteristics. On the morning of catheterization, blood was drawn for determination of plasma lipids and lipoproteins, fasting blood glucose, hemoglobin, and other chemistries. After results of the angiogram became available, those patients with either obstructive coronary artery disease (^50% obstruction of at least one coronary artery) or normal coronary arteries (no luminal irregularities) were eligible for selection into one of eight cells based on disease status, sex, and age (> 50 years or ^50 years), according to a schema designed to achieve approximately equal numbers in each cell. We failed to maintain the goal of accessing approximately equal numbers in each of the eight cells, as fewer elderly male hospital controls and younger male cases were identified and agreed to participate compared with younger male cases and older male hospital controls.
Beginning in 1985, a third group of subjects was recruited: neighborhood controls matched on the basis of age (±5 years), sex, and race to hospital patients with obstructive coronary artery disease who had been accessed before 1985. The method of identifying these controls has been described 33 and included use of trained surveyors to canvass the neighborhoods where cases resided to find suitable matches, that is, those without a history or symptoms of heart disease. At a later date, physical examination (including anthropometry), phlebotomy, electrocardiogram, and questionnaire administration were performed by a research nurse either in the home of the neighborhood control or in an outpatient clinic. Because of the nonconcurrent accession of neighborhood controls, hospital cases, and hospital controls and the inclusion of waist and hip circumference measurements after 1985, neighborhood controls and hospital cases reported here are not necessarily pahmatched, resulting in different sample sizes.
After 1985, waist and hip measurements were included with anthropometric determinations. Each anthropometric determination was measured according to a protocol that employed a scale provided by the project for weight and a vinyl tape measure for anthropometric measurements. "Waist" was denned as the minimal circumference between the rib cage and the umbilicus for lean volunteers and as the maximal circumference for obese volunteers, and "hip" was defined as the maximal circumference between the superior border of the iliac crest and the thigh region. Adipose distribution was expressed as the ratio of the waist circumference to the hip circumference (waist/hip ratio), and relative weight was expressed as body mass index (wt/ht 2 ). Statistical analyses included simple descriptive statistics such as means and SDs for continuous variables, or frequency counts and percentages for dichotomous variables. Statistical analyses were performed to test two null hypotheses generally stated as 1) coronary artery disease patients are the same as patients with normal coronary arteries and 2) coronary artery disease patients are the same as neighborhood controls. Bonferroni adjustment of the a-level (two-tailed a=0.025) was used with unpaired t tests and x 1 tests to guarantee the overall significance level of 0.05. Associations between waist/hip ratio, body mass index, and each factor of interest were measured univariately by Spearman rank correlation coefficients. Analysis of covariance was used to adjust waist/hip ratio and body mass index for various continuous factors before comparing adjusted means across subgroups. All tests were performed separately on males and females, and all analyses were limited to white patients and controls without a history of valvular heart disease. Analyses are based on unmatched samples, as cases were not matched to hospital controls and only 23 (15%) of the neighborhood controls are pair matched to cases with waist and hip circumference measurements.
Results
Levels of variables for volunteers with obstructive coronary artery disease (cases), normal coronary artery hospital controls, and neighborhood controls are shown in Table 1 for continuous variables and  Table 2 for dichotomous variables. Eight individuals with body mass index greater than 37 (two female hospital controls, two female neighborhood controls, two male cases, one male hospital control, and one male neighborhood control) have been eliminated from these analyses because their values were greater than three SDs from the sex-specific means and they proved to be outlying data points. 34 Waist/hip ratio varied significantly for both males and females depending on group membership. In females, mean waist/hip ratio in cases was higher than in either hospital or neighborhood controls; mean waist/hip ratios were similar in hospital and neighborhood controls. In males, mean waist/hip ratios were higher in cases than in neighborhood controls but were similar for cases and hospital controls. For both females and males, mean body mass index was greater for hospital controls than cases, which in turn was greater than that for neighborhood controls, but none of the comparisons was statistically significant.
The higher mean waist/hip ratio in cases could have been attributable to an association between waist/hip ratio and some other risk factor for coro- nary atherosclerosis. To test for an association with any of these risk factors, we calculated Spearman rank correlations for waist/hip ratio and body mass index with age, lipid and lipoprotein levels, packyears of smoking, family history of coronary heart disease, and history of diabetes mellitus and hypertension as displayed in Table 3 . For males and females, significant correlations with waist/hip ratio were positive except for high density lipoprotein (HDL) cholesterol. Correlations with body mass index were positive except for age and HDL cholesterol (males) and pack-years of smoking (females). These significant correlations led us to retest the relation of waist/hip ratio to atherosclerosis after adjusting waist/hip ratio for age and, separately, for body mass index, total cholesterol, natural logarithm of triglyceride values, HDL cholesterol, low density lipoprotein (LDL) cholesterol, pack-years of smoking, history of high blood pressure, and history of diabetes mellitus. A strikingly consistent pattern emerged. With few exceptions, the adjusted mean waist/hip ratio in female cases was significantly higher than the adjusted mean waist/hip ratio in either hospital or neighborhood controls; adjusted mean waist/hip ratio in male cases was significantly higher than the adjusted mean waist/ hip ratio in neighborhood controls but not higher than in hospital controls. Age-adjusted mean waist/ hip ratios shown in Table 4 for the female and male groups are nearly identical to those obtained when adjusting for age and, separately, for body mass index, total cholesterol, ln triglycerides, HDL cholesterol, LDL cholesterol, and pack-years of smoking.
Body mass index was unrelated to group membership after comparable covariate adjustment in either males or females (data not shown).
Discussion
An extensive literature has developed that links adipose distribution to risk factors for and symptoms of cardiovascular disease. The risk factors most con- sistently associated with the distribution of adipose tissue are described in Table 5 and include plasma concentrations of HDL cholesterol and triglycerides, blood pressure, and various metabolic and clinical correlates of glucose metabolism (elevated fasting glucose or insulin, increased area under the glucose or insulin curve after oral glucose tolerance test, diabetes history). Cigarette smoking has also been correlated with adipose distribution. In a study of males, Shimokata et al 24 found a dose-response effect between waist/hip ratio and number of cigarettes smoked, and a positive relation was also noted in the Diagnostisch Onderzoek Mammacarcnoom Project. 9 Investigators have used various approaches for defining a pattern of adipose distribution that best discriminates patients at risk. Relative skinfold thicknesses measured from the upper body/lower body or from the peripheral/central adipose depots were first used as indexes of a male or android fat pattern.
-
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- 20 Subsequently, it has appeared that the ratio of the circumferences of the body at the waist and hips (waist/hip ratio) is equally well correlated with various risk factors. 11 Several such indexes have been calculated using the minimum waist, waist at the umbilicus, hips at the iliac crest, maximal hips, and thighs as referent circumferences. Of these, the ratio used in this study, the circumference of the waist midway between the lower rib margin and the 
+ +
For relation, + = associated in univariate analysis; + + =associated in multivariate analysis after control for body mass index and/or other risk factors; +/+=related in both males and females; NS, not significant; Neg=negative relation observed.
For method, SF, imd; ss; ss:tc; mult=skinfolds, index of masculine differentiation (skinfold/muscle average); subscapular skinfold; subscapulantriceps skinfold; multiple weighted sum of several sites; WHR, u:m; m:m; b:m; u:i=waist/hip ratio for the waist at umbilicus/hip at maximum; waist at minimum circumference/hip at maximum; waist between lower rib margin and iliac crest/hip at maximum; waist at umbilicus/hip at iliac crest; WTR, waist/thigh ratio; CT, ia:sc; ia, computed tomographic measurement of intra-abdominahsubcutaneous fat at the umbilicus or of intra-abdominal fat alone.
For lipids, generally positive association with trigrycerides and negative association with high density lipoprotein cholesterol. For diabetes, adipose distribution related to glucose (g) or insulin (i) or, if not indicated, to clinically evident diabetes. No association of waist/hip ratio and trigh/cerides after control for insulin; no association of waist/hip ratio and high density lipoprotein cholesterol in males after control for body mass index; waist/hip ratio was associated with systolic blood pressure in males and females after control for body mass index or insulin. Differences in waist/hip ratio noted between premenopausal and postmenopausal women, between estrogen-using and non-estrogen-using postmenopausal women, and in relation of waist/hip ratio to age, hypertension, and diabetes in premenopausal versus postmenopausal women. Computed tomographic measurement of intra-abdominal fat correlated with risk factors better than did skinfolds or waist/hip ratio.
Ref, reference number, postmen, postmenopausal; premen, premenopausal.
iliac crest relative to that at the maximal hip circumference, has considerable precedent. 23 We also found the waist/hip ratio to correlate with several metabolic and clinical variables including age, cholesterol, triglycerides, HDL cholesterol, cigarette smoking, high blood pressure, and history of diabetes. In general, correlations were stronger in females than in males, in agreement with previous studies.
Adipose distribution has also been independently associated with development of symptomatic cardiovascular disease (myocardial infarction, angina pectoris, stroke, and death) in several studies.
1518 - 25 - 27 It has previously been unclear, however, whether the relation to symptomatic cardiovascular disease reflects an accompanying association to atherosclerosis, and furthermore, whether such an association is independent of relations to other risk factors. Several investigators have urged use of atherosclerosis as an outcome variable (as opposed to myocardial infarction or death from cardiovascular disease 36 -37 ). This approach has certain advantages such as specificity of the outcome variable and relative certainty that the control group lacks the disease that affects the cases. The latter may be particularly important when dealing with an elderly population in whom the condition of interest may be very prevalent. On the other hand, a study of patients undergoing angiography is not without its own pitfalls: an important one is the possible nonrepresentativeness of the control group. For this reason, use of more than one control group for angiography case-control studies has been advocated. 37 We have previously documented the effort involved in collecting such an asymptomatic neighborhood control group. 32 In addition, we have outlined similarities and differences between the hospital and community controls regarding traditional risk factors for cardiovascular disease. 38 Briefly, the hospital and neighborhood control groups are very similar for all risk factors studied except cigarette smoking (more current smokers and fewer quitters in the neighborhood controls), plasma concentrations of triglycerides and HDL cholesterol (higher triglycerides and lower HDL cholesterol in the hospital controls; associated with widespread /3-blocker use), and type A behavior profile (hospital controls have higher type A profiles than neighborhood controls). In general, the coronary angiography model appears to reflect many aspects of population-based studies and may have certain advantages over populationbased studies for exploratory analyses. In the present study, waist/hip ratios in female coronary disease cases differed from both control groups after adjustment for various other risk factors. Male cases differed from neighborhood controls only, thus prompting more caution in interpretation of the results in males. The lack of waist/hip ratio differences between male cases and hospital controls may be due to several factors. The number of males who were found to have angiographically normal coronary arteries is small. There may also be selection bias in the group of males studied who have no atherosclerotic lesions in their coronary arteries; the reasons for referral are varied, and personal traits may increase the likelihood of hospitalization of a select group of males for cardiac catheterization. Additionally, the true difference in mean waist/hip ratios for males with and without coronary atherosclerosis may be smaller than that for females. Each of these might lead to our failure to find an apparent association between waist/hip ratio and atherosclerosis in males. Of interest, a sex differential in the relation of adipose distribution to symptomatic disease may also be inferred from male and female results in the Gothenburg study.
-25
Although we found a statistically significant correlation between waist/hip ratio and body mass index, the relation of waist/hip ratio to atherosclerosis persisted after adjustment for body mass index and age. This is in agreement with published reports that indicate that various anthropometric indexes measure different phenomena. 19 Although body mass index was significantly correlated with several risk factors for coronary atherosclerosis, adjusting for these separately with age led to no significant differences in body mass index for those with atherosclerosis and those with normal coronary arteries or neighborhood controls. Hence, body mass index was not an independent risk factor for coronary atherosclerosis in this sample, once other known risk factors were taken into account.
In addition to the various traditional risk factors measured in this study, waist/hip ratio has been linked to insulin level, a factor gaining importance for its association with cardiovascular disease. 39 The possibility exists that the relation of adipose distribution to disease shown in this article might disappear in a multivariate model that included plasma insulin concentrations. Whether a defect in insulin homeostasis, adipose distribution, or a related third factor (e.g., biologically available sex steroids 21 -40 ) is primary in such a relation is unclear at present. The connection of adipose distribution to coronary atherosclerosis, however, while not excluding the possibility of a link to clinical events through older (e.g., thrombotic) mechanisms, does provide a rationale for a link between symptomatic cardiovascular disease and body habitus.
